Monitoring is typically included in economic models of crime thanks to a probability of detection, constant across individuals. We build on recent results in psychology to argue that comparative optimism deeply affects this standard relation. To this matter, we introduce an experiment involving proper incentives that allow a measurement of optimism bias. Our experiments support the relevance of so-called comparative optimism in decision under risk. In the context of illegal activities, our results provide a guide into costless devices to undermine fraud, through well-designed information campaigns.
Introduction
Policymakers often resort to strict monitoring strategies to fight illegal economic activities and to encourage honesty and law compliance. In this context, decision makers value the potential gains according to both the utility withdrawn from illegality and the probability of being detected (Becker, 1968) . If everybody values probabilities without bias the question of the public display of the monitoring policy is irrelevant. This is contradicted, however, by results from psychology, stating that perceptions of this probability can be prone to biases. In particular, experimental evidence shows that people are optimistic about their chances of experiencing favorable future events.
This paper investigates the existence of optimism biases within the context of the monitoring of illegal activities. Our main hypothesis is that people who undertake an illegal activity can be optimistic (pessimistic) about their likelihood to be monitored. Since the detection is a negative event, an optimistic experimental evidence on comparative optimism bias and the last Section concludes.
Related literature
Research in both psychology and economics shows that self-perception is prone to biases: people overestimate the accuracy of both their judgments and their knowledge (miscalibration); they experience systematic biases in the perception of their own characteristics (positive self-image) and they over(under)estimate the likelihood of experiencing (un)favorable events (optimism).
Our paper focuses on the latter, optimism, which refers to an erroneous perception of occurrence probabilities. Two forms of optimism are separately studied in psychology. While Dispositional optimism -traditionally assessed using Scheier et al. (1994) 's Life Orientation Test Revised (LOT-R) -designates the positive perception people exhibit on their own future, comparative optimism characterizes those people that perceive their future more positively than the one of others. Both these biases result in a distortion of the perceived probability as compared to its "objective" value. The first one is however absolute in nature, while the second one is a matter of relative comparisons. In focusing on comparative optimism, our paper hence departs from earlier studies on probability distortions (Kahneman and Tversky, 1979; Tversky and Wakker, 1995) , devoted to the perception of isolated individuals.
In psychology, comparative optimism is well known as the better-than average effect. Weinstein (1980) relies on a survey asking subjects to rate their likelihood of experiencing some real-life events relative to the average student based on a seven-point scale. People appear to think that (un)pleasant events would happen (less) more often to them than to others. Alicke (1985) applies this same method to positive self-image and obtains that people evaluate themselves (less) more positively than the average student on (un)desirable characteristics.
Such results stemming from research in psychology raise several methodological issues. First, they are based on subjective estimates, rather than on observations of choices among alternatives. The reliability of answers can hence be questioned due to the potential ambiguity of the attribute under evaluation. Furthermore, the results are obtained through verbal statements and without providing subjects with any monetary incentives. Self-evaluations hence come with no guarantee of accuracy. 1 These limitations led economists to develop new experimental tests aimed at improving the reliability of the evidence from psychology. To our knowledge, the new suggested designs focus on positive self-image. Camerer and Lovallo (1999) is historically the first contribution in this direction. The experiment is based on a market entry game where subjects' payoffs depend on their rank. Their results show that the participants enter more frequently when the rank is based on the relative performance rather than on a random draw, hence suggesting that participants overestimate their relative performance to the test.
The test performed by Hoelzl and Rustichini (2005) also focuses on self-evaluations of relative performance. In this case, identification is however derived from a voting procedure on the payment scheme. In the voting step of the experiment, subjects are asked to choose between two rewards: one based on a test appealing to individual skills, the other one based on a random draw. The voting procedure provides evidence for an overestimation of relative performance as soon as more than a half of the sample chooses the relative performance-based reward. Their results show an overestimation of relative performance on easy tests, but an underestimation of relative performance on hard ones.
The main issue with the method introduced by Hoelzl and Rustichini (2005) is the lack of evidence at the individual level. In contrast, Park and Santos-Pinto (2006) ; Clark and Friesen (2006) suggest a method to elicit individual self-evaluation errors. Beyond some important differences in the design, the two papers share the common feature of eliciting mean beliefs by asking subjects to provide a -rewarded -point forecast about performance. Mitigate evidence arises from those individual assessments. Whereas Park and Santos-Pinto (2006) find clear evidence of a positive self-image, the bias observed by Clark and Friesen (2006) is very thin: overestimation of performance is obtained in only 2 out of the 12 sessions.
Compared to the attention devoted to positive self-image, very few empirical works have been done in economics on optimism biases. The existing studies rely on probability self-evaluations of future outcomes -such as income or longevity. Optimism bias is deduced from comparisons with either current aggregate realizations (Fischhoff et al., 2000) or actual individual realizations (Dominitz and Manski, 1997; Das and van Soest, 1999) when longitudinal data are available. Beyond those field studies, the design of Weinstein (1980) and the LOT-R are up to now the only experimental tools available. Current evidence hence suffers from the limitations mentioned previously. This is a gap this paper aims to fill by introducing an experiment in which comparative optimism is deduced from incentive-based decisions.
3 The experiment
Experimental design
We explore the optimism bias induced by the monitoring technology through repeated investment decisions into a risky activity. The experiment involves three parts. Since we deal with decision making in a risky environment, the first part is aimed at revealing attitudes toward risk. To this matter, we replicate the test originally developed by Holt and Laury (2002, 2005) . This consists in a sequence of choices between two lotteries. From one choice to another, the payoffs of the two lotteries are held constant while the probability of an high payoff is progressively increased. The observed switch in the selected lottery hence identifies the risk aversion of the subject. 23 The last two parts provide a test of optimism bias based on an investment game, repeated over 22 periods. At the start of each period, each subject is given 20 tokens and decides how many of them to allocate to the risky lottery paying 20 ecu 4 per allocated token with probability 1 − p, and 15 − F ecu with probability p. The remaining tokens give rise to a constant piece-return, set equal to 15 ecu. Those measure has been shown to be rather noisy -i.e. yielding to a divergence between the answers and the actual preferences towards risk. Such noise essentially comes from order effects (Harrison et al., 2005) , since the sequence in which the lotteries are displayed is deterministic, or framing effects (Bosch-Domènech and Silvestre, 2006) induced by the range of lotteries used in the procedure. As explained below, our measure of optimism is however based on comparisons that holds constant the risk faced by the subject. This standard procedure is hence used only to produce an additional covariate; and our main results are unaffected by this noise.
4 Experimental Currency Unit.
two lotteries respectively stand for illegal activity, monitored with probability p and fined by F , and legal activity. In each part, the 22 periods implement all possible combinations between the following parameters: p ∈ {0.05; 0.1; 0.15; 0.2; 0.25; 0.3; 0.35; 0.4; 0.45; 0.5; 0.55} and F ∈ {10; 14}. The occurrence of each combination in a given period is chosen randomly to account for order effects. Part 2 and 3 only differ according to the way the monitoring is worded. The monitoring associated to the first (risky) lottery is presented as either:
(i) An individual random draw in a ballot box, leading to the low payoff with probability p; or (ii) The (private) designation of n subjects out of the N seated in the room, who will earn the low payoff.
The two parts are accordingly labeled Individual Lottery -when described as in (i) -and Designation -when described as in (ii). Designation relies on a perfect mapping of the risk faced in the 22 Individual Lottery periods by using all possible combinations between the two levels of the fine, F , and n/N ∈ {0.05; 0.1; 0.15; 0.2; 0.25; 0.3; 0.35; 0.4; 0.45; 0.5; 0.55}. Order effects are accounted for by implementing each treatment as alternatively Part 2 or 3 (see below, Section 3.2 for a precise description of the experimental sessions).
In such a decision-making setting, the information provided to the subjects is of primary importance. First, the subjects are never provided with the full set of parameters. The parameters of the current lottery (i.e. monitoring and fine levels) are rather announced at the beginning of each period. In doing so, we aim at minimizing the effect of subsequent periods on current decision. Second, we get rid of learning effects by providing no feedback on actual monitoring until the end of the session. Last, it is common knowledge that only one period out of the 54 played in the whole experiment will underlie monetary earnings. The paid period is randomly drawn -and privately disclosed to the subjects -at the end of the experiment. This rules out wealth effects, since every decision period has the same ex ante weight in the final wealth of the subjects.
Under those conditions, the 22 periods played under Designation and Individual Lottery treatments are two-by-two identical in terms of decision theory. The risk faced by the subjects, in particular, is held constant through the parametrization p = n/N . Rational behavior would therefore lead to no variation in investment decisions. Of course, treatments are indeed different as regards to perception motives described in Section 2. While Individual Lottery refers to an individual event, Designation focuses on an holistic perception. The perceived probability of a low payoff in this treatment depends upon the perceived probability of others being monitored. Since the objective probability is the same between the two treatments, the risk governing decision-making under Designation hence derives from the perceived relative likelihood of an unfavorable event. Based on the evidence from psychology summarized above, the resulting comparative optimism (pessimism) may affect behavior. Comparing investment behavior between the two treatments hence provides a test of comparative optimism bias in a context involving actual economic incentives.
Experimental Procedures
Overall, 5 computerized sessions, each involving N = 20 subjects, were conducted at GATE (Lyon, France), from June to November 2006. The experiment is computerized, with a software developed using Regate (Zeiliger, 2000) .
Upon arrival, the participants are randomly assigned to a computer. The written instructions are then distributed and read aloud, 5 so that it is common knowledge that everybody is involved in the same experiment. Although the subjects are explicitly told that the experiment is divided into three parts, the instructions corresponding to each one are distributed and read just before it starts. This prevents behavior in one part being affected by the rules of the subsequent one(s). The wording of the instructions is as neutral as possible as regards to the context of an illegal economic activity. Lotteries are presented as "Option A" and "Option B", monitoring is explained as either a draw in a ballot box containing 100 * p black balls and 100 * (1 − p) white ones -Individual Lottery -or the designation of n subjects -Designation. In order to improve the understanding of the rules, two numerical examples are developed at the end of the instructions. Last, participants are encouraged to privately ask every question they have before starting.
In all sessions, the experiment starts with the risk aversion test originally introduced by Holt and Laury (2002, 2005) . Once everybody has answered the whole 10 lottery choices, instructions of Part 2 are distributed and read aloud. This corresponds to Individual Lottery in 4 out of the 5 experimental sessions we performed and to Designation in the remaining one. Variations in behavior between these two configurations would then identify order effects. At the end of Part 2, the instructions of the remaining treatment -either Designation or Individual Lottery -are distributed and read aloud. Participants are then asked to answer a questionnaire providing individual characteristics (gender, age,. . . ) . At the end of the session, one decision period out of the 54 is randomly chosen for each subject. The result of the draw is displayed on each subject's screen along with a summary table containing individual information on actual monitoring and payoffs experienced in each period. Individual monetary payoff is based on the number of ecu accumulated during the randomly drawn period. Subjects are privately paid their monetary payoffs, calculated according to 30ecu = 1e. A 7e show-up fee is added in order to compensate the cost of participating in the experiment.
Overall, 100 subjects participated into the sessions, hence providing 2200 observations on investment decisions under Individual Lottery and as many under Designation. Participants were first to third-year students in a law, economics or chemistry degree. The experiments lasted around one hour and half and the average gain is 16 Euros.
Results
Figure 1 provides a first picture of average decisions in each treatment. The histogram corresponds to the average number of tokens invested in the risky activity in each of the five sessions and for the two levels of the fine (either low, set equal to 10, or high, to 14). The comparison between the two sides of Figure 1 clearly shows that the investment in the risky activity is higher when the fine is low, indicating a negative impact of the fine on risky behavior. This disciplining effect of the fine is particularly noticeable in our set of sessions, since the order of the two levels of fine is randomized across the 44 periods of each session. If we consider the overall statistics in Figure 1 , the comparison of the investment gap between the two treatments (for each paired dark and gray bars) keeps the same sign: the average number of tokens invested in the risky activity is higher under Designation than under Individual Lottery, whatever the session and the level of the fine. In other words, the set of participants seems to perceive a lower level of risk in treatment Designation.
This preliminary evidence is concordant with our hypothesis that the wording used in Designation affects the perceived probability of being monitored. Since we do not elicit the actual believes in the experimental design, 6 this is however unobservable unless investment behavior do is sensitive to the perceived decision context. Beyond the existing experimental literature on decision making, evidence on that point can be derived from behavior inside each treatment. Note. The first raw provides the number of individuals for whom the risk aversion index derived from Part 1 of the experiment is the one indicated in column. The last four raws describe the average investment (chosen between 0 and 20) -and the corresponding standard deviations in parenthesis -in the risky lottery in both treatments -Individual Lottery and Designation -and for the two levels of the fine considered.
Investment decision under risk
A first investigation into the investment behavior in each treatment is provided in Table 1 . In this table, we rank participants according to the risk aversion index measured in the first part of the experiment. The shape of the distribution of the 100 participants according to this risk aversion index is quite similar to the standard results given by Holt and Laury (2002, 2005) although our panel is slightly more risk averse. While in the study by Holt and Laury (2002) most of the distribution can be found for the index levels between 4 and 6, in our experiment the corresponding range is between 4 and 7, in which 76% of the participants fall. The queues of the distribution are very thin, especially for lower values of the index with only one person being measured at 1 and 2.
In the bottom part of Table 1 , we calculate the mean investment in the risky option among the group of participants with the same risk aversion index, by treatment and levels of the fine. One should note that such aggregate comparisons in the quantities invested in the risky lottery make sense in our experiment because each participant overall faces the same set of probabilities (from 0.05 to 0.55).
If we focus the analysis on the most representative risk aversion indexes (i.e between 4 and 7) a higher level of fine or a higher level of risk aversion clearly decreases the investment in the risky activity. Consequently, the gap observed above between the two treatments is not contradictory with the coexistence of a disciplining effect of the fine and the standard effect of risk aversion on the level of the risky activity.
We statistically check the sensitivity of investment behavior to the perceived environment through random effect Tobit models where the endogenous variable is the number of tokens invested in the risky activity under Individual Lottery (Table 2 .a) and under Designation (Table 2.b).
All econometric estimates go in the expected direction regarding the impact of the level of the fine, the attitude toward risk and the probability of being detected on investment in the risky activity. The disciplining effect of all three variables is strongly significant. Investment behavior hence unambiguously reacts to the environment, as perceived by the participants. This allows us to assess the relevance of comparative optimism when incentives are at stake.
Optimism with incentives
Our measure of optimism derives from the comparison of the number of tokens invested in the risky activity between the two treatments. Indeed, one should expect the same level of investment from perfectly rational players for a given fine and a given probability of monitoring. This does not rule out choice errors, however, particularly in our experimental setting.
Since each participant has to sequentially choose a level of risky investment for two sets of twenty-two periods (with randomized pairs of fine and probability), we can expect a (small) error margin between the two treatments even from rational participants. As suggested by the rather large standard errors provided in Table 1 , this indeed seems to be at stake even in individual behavior. However note that such a noisy behavior would on aggregate imply investment differences between the two treatments to be symmetrically distributed around zero. If we observe a persistent and significant difference (with the same sign) among the hundred participants, the error shifts into a bias. As a result, a significant increase in the number of invested tokens in the risky activity under Designation as compared to the level chosen under Individual Lottery (for the same level of the fine and the same probability of monitoring) uncovers a comparative optimism bias: the context between the two treatments is perceived as being so different that it is more likely to escape the control when the risk is defined by the mechanism used under Designation. Table 3 presents the distribution of mean investment variations according to the risk aversion index. The upper part of the table displays absolute variations measured as the ratio of investment variations between treatments to the total number of available tokens in each period (equal to 20). With a few exceptions, the variation is positive and ranges from a small difference to more than a 10% increase in the tokens allocated to the risky lottery under Designation. For the risk aversion index from 4 to 7, in particular, the mean investment variations are all positive and in favor of a comparative optimism bias, whatever the level of the fine. The bottom part of Table 3 repeats the same information but in relative terms, in the sense that the variation is divided by the investment under Individual Lottery. The picture is a rather strong impact of the wording used in Designation, inducing an average increase of 37% in the number of tokens invested.
The observed differences are statistically assessed using non-parametric tests on investment changes between treatments. Table 4 provides statistics and parameters from Wilcoxon signed rank test. The Note. Each cell provides the investment variation between Individual Lottery and Designation averaged across individuals for whom the measured risk aversion index in the one provided in column. The average variation reported in the first three rows is the absolute variation (i.e. invested quantities under Designation minus invested quantities under Individual Lottery) in percentage of the number of available tokens, differentiated according to the level of the fine. The average variation reported in the last three rows is the relative variation in % (i.e. ratio of absolute variation to invested quantities under Individual Lottery), differentiated according to the level of the fine.
null hypothesis is unchanged investment decision between the two treatments. Whatever the level of the fine, comparative optimism is overall confirmed with a strong confidence level (p-value smaller than 1%). The desagregation according to the risk aversion index seems to be mainly driven by the number of observations. Except for a risk aversion index equal to 5, we confirm the existence of a comparative optimism bias for the range 4 to 7, gathering the most part of the participants.
Conclusion
This paper introduces an experimental test of comparative optimism, in which mis-perception has financial consequences. Optimism is identified thanks to sequential investment decisions into two lotteries. The first one gives rise to a constant return, while the other one randomly leads with known probability to either a higher or a lower return. For each individual, investment decisions are observed twice for 22 return-probability parameter combinations. The only difference between the two decision contexts is the way the probability of a low return is worded. It is highlighted as an individual variable in the Individual Lottery treatment, while explicit reference to the whole group is used in the treatment called Designation. Except for this dimension, the environments are two-by-two identical, including the risk faced during the decision. For given parameters, variations in the investment hence reveal mis-perceptions of the relative probability of experiencing the low return. Observed behavior in the experiments provide a clear support to comparative optimism bias. Underlying the collective dimension of the probability induces an average 35% relative increase in the investment in the risky lottery. Subjects hence exibit a strong tendency to under-evaluate their own likelihood of experiencing an unfavorable event as compared to the one of others. This evidence is in accordance with earlier results in psychology. A risk aversion index is produced in the experiment using a standard procedure borrowed to Holt and Laury (2002, 2005) . This allows us to assess the link between the two behavioral motives. No clear pattern arises linking comparative optimism bias and risk aversion. In doing so, we introduce a new experimental design with the attractive feature of measuring optimism bias for a given risk environment. Some robustness test still has to be performed. First, our results show that optimism supports a distortion of probabilities. In line with earlier results on this subject (Kahneman and Tversky, 1979; Tversky and Wakker, 1995) , a proper consideration of this aspect would require to measure optimism on the whole range of probabilities, rather than up to 0.55 only. Second, some unwarranted changes in behavior could be induced by the variation in the space of possible events between treatments -100 under Individual Lottery, 20 under Designation. A purer setting would describe Individual Lottery within a 20 possible events range. Although this kind of "scale effect" must be of second order, some robustness check have to be performed. Further researches based on our protocol will primarily focus on these both developments.
Should our result be robust to this further developments, it highlights a deep impact on behavior of the way monitoring is publicly displayed. The most diffuse and anonymous the set out is, the less optimistic criminals would be. Through optimism, communication hence appears as a mean to strengthen monitoring at virtually no cost. A fine tuning of policies based on this device requires further investigations into the individual determinants of replies to such frame variations. experiment. Like your scores, your final earning is measured in ecu. At the end of the experiment, your final earning is converted into Euro.
[Instructions for the first part are inserted here.] Calculation of your final earning in ecu and its value in Euro: Among the 54 decisions you made during the three parts of the experimentation, only one determines your final earning. For each participant, we select one decision using a draw performed at the end of the experiment. This final draw is performed in a ballot box containing 54 balls numbered from 1 to 54. The number of the drawn ball determines the round taken into account in the calculation of your final earning. You don't know in advance which decision will determine your final earning. Your final earning is equal to your score during the round drawn at the end of the experiment. Your scores and your final earnings are measured in ecu. At the end of the experiment, your final earning in ecu will be converted according to the following rate: 30 ecu = 1 euro. On top of this, a 7 euros show-up fee is added. This sum will be paid cash individually and privately before you leave the laboratory. Whatever your final earnings, you cannot lose money.
[The first part is played. Instructions for the subsequent part are then distributed and read aloud.]
Timing of the third (second) part
[The alternative instructions for Individual Lottery are provided in brackets]
This part involves 22 rounds, each one including one decision. Timing of a round: Each round includes two steps.
At the beginning of each round, you receive 20 tokens and your decision consists in allocating all your tokens between 2 options: option A and option B. At each round, the two options will appear on your screen and you will choose the allocation of your tokens by scrolling on a scale from 0 to 20. When you scroll right or left, the number of tokens allocated to each option appears below the scale. Once your choice is made, click on the button labeled "OK".
At the end of each round, we designate randomly n individuals out of the 20 participants seat in the room. We don't tell you whether you are designated or not. [Individual Lottery: At the end of each round, we draw lots for a ball, for each participant, in an individual ballot box. Each ballot box contains 100 balls, split in p black balls and 100-p white balls. Each participant has thus p chances out of 100 for the drawn ball to be black and (100-p) chances out of 100 for it to be white. We don't tell you the result of the draw.] How is your score calculated in each round: Your score in each round is equal to the sum of earnings from tokens allocated to option A and earnings from tokens allocated to option B. At the end of each round, we don't tell you neither if you have been designated [Individual Lottery: neither the colour of the ball drawn] nor your score. Having been designated [Individual Lottery: the colour of the ball drawn] and your score in each round are revealed to you only at the end of the experimental session in a summary table.
We remind you that in this experimental session only one of your scores determines your final monetary payoff; the one corresponding to the round picked out by the final draw. ******
Example 1:
We tell you that:
-We designate 6 individuals out of 20 participants (Individual Lottery: you have 30 chances out of 100 for the ball drawn to be black, i.e. the value of p is 30 ) -The value of F is 5
• If you allocate your 20 tokens to option A:
-Whether you are designated or not (Individual Lottery: whatever the colour of the drawn ball is), your score in this round is: 20*15 = 300 ecu.
• 
